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Stream Discharge Measurement AT
Current-Meter Measurements

This outline describes general features of the procedures used by the U.S.
Geological Survey in making streamflow measurements. Details of various
types of equipment, specific procedures for use of the meter in a variety
of situations (i.e., from bridges, boats, under ice, etc.), and other re-
lated matters, will be found in reference 1.

I. Midsection method of making a current meter measurement

A. General procedure

1.

The cross-section at which the measurement is being made is
broken into small rectangular sections.

The average velocity for each section is obtained from current
meter readings.

. The area of each section is ca]culated.

Discharge through each small sect1on is computed by the
formula @ =

The sum of the discharges for each small section gives the
total discharge.

B. Detailed procedure (Refer to Figure 1)

1.
2.

Cross-section is defined by depths at locations 1, 2, 3, 4...n.

At each location velocities are determined by current meter to
obtain the mean of the vertical distribution of velocity.

a. It is assumed that this mean velocity is that existing in
the corresponding partial rectangular area.

Depth of the "corresponding partial rectangular area" is as
determined in "1" above. Width extends from half the distance
from the preceding meter location to half the distance to the
next meter location.

"a. For example, width of partial section 4 (heavily outlined

in Figure 1) is:

2 2 , or 2 , which is the same thing.
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b(n—-1)

xnim

paoint 1

Water surface

EXPLANATION
1,2.3... ... n Observation points
by by,by, ... ... bn  Distance, in feet, from the initiai

point to the observation point

dydyds, ... dn Depth of water, in feet, at the
observation point

Dashed lines . Boundary of partial sections; one
heavily outlined discussed in text

Figure 1.~Definition sketch of midsection method of coﬁpuﬁag crosv-section area for discharge measurements.
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4. Discharge through section 4 is then

9q = 34V
Depth x width = d4 X ——

4
7
Th = v (E§;EQ> d

Mean velocity in vertical, as measured

5. A similar procedure is followed for partial sections located
at the water's edge.

a. At the beginning of the cross-section (Location 1, Figure 1)
the "preceding location" is cons1dered coincident with
location 1. Thus

ba-b
S 2 1)
% ® V1 ( 7/ 4

In thlS example, since d = 0, qp = 0

b. At location b

b b
- _n_n-1
9% = Vi < 2 ) 4%

Here v, may or may not be zero.

c. The above formulas are used when there is water only on one
side of an observation point, such as at piers, abutments,
or islands.

d. Velocity at end section is usually estimated as some per-

centage of that at the adjacent section, as it normally
cannot be measured with the current meter.

6. After q is calculated for each partial section, the total dis-
charge is given by

Q= Gy tatagt. ... +q
Measurement of velocity

The current meter measures velocity at a point. The mean velocity in a
vertical is desired in making discharge measurements. This mean value
can be obtained by taking velocity observations at many points in the
vertical. It can be approximated by making a few velocity observations
and using a known relation between these and the mean in the vertical.
Various methods of measuring velocity are described below.
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Vertical-velocity curve method

1.

DISTANCE BELOW WATER SURFACE,

Velocities are measured at a series of points between the
water surface and the stream bed, generally at 0.1 ft.
intervals between 0.1 and 0.9 of the depth.

Observations are always made at 0.2, 0.6, and 0.8 of the
depth.

Observations are made at least 0.5 foot from the water surface
and from the stream bed with the Price AA meter, and are made
at least 0.3 foot from these boundaries with the Price pygmy meter.

Observed velocities are then plotted against depth (Figure 2).

In order to compare curves at different verticals, depths are
plotted as proportional parts of the total depth.
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Figure 2 ~Typical vertical-velocity curve.



e

5

5{ The mean velocity is obtained by dividing the area under
the curve by the depth.

'6. This method is not generally adapted to routine discharge

measurements because of the extra time required to collect
field data and compute the mean velocity.

7. It is valuable for determining coefficients for application
to the results obtained by other methods.

Two point method

1. Velocities are measured in each vertical at 0.2 and 0.8 of the
depth, and the average taken as the mean in the vertical.

2. This method gives more consistent and accurate results than any
other'methoq except the vertical velocity curve method.

3. This method is not used at depths less than 2.5 feet because <

-

the meter would be too close to the water surface and the stream

bed to give reliable results.

S8 ow-«: o

Six-tenth-depths method

and is taken to be the average velocity in the vertical.

(

'
I

1. One observation of velocity is made in the vertical at 0.6 depth e

2. This method gives reliable results under the following conditions:

When the depth is between 0.3 foot and 2.5 feet

When the velocity at 0.2 depth cannot be observed accurately
When use of a sounding weight makes it impossible to place
the meter at the 0.8 depth

When the stage is changing rapidly and a measurement must

be made quickly

Two-tenths-depth method

1. Velocity is observed at 0.2 depth and a coefficient applied to
obtain mean in the vertical.

2. Used mainly at times of high water when velocities are great,
making it impossible to obtain soundings or place the meter at
the 0.8 or 0.6 depth.

3. A relation can be developed between the 0.2 depth velocity and
the true mean velocity by developing vertical-velocity curves.

a.

Relation between 0.2 depth velocity and true mean velocity
either remains constant or varies uniformly with stage at
any measuring section.
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b. Usual coefficient to adjust 0.2 depth velocity to mean
velocity is about 0.88.

4. The two point method and the 0.6-depth method are preferred over
the 0.2-depth method because of their greater accuracy.

E. Three-point method
1. Velocities are observed at 0.2, 0.6, and 0.8 depth.

2. Usually the average of the 0.2 and 0.8 depth velocities is then
averaged with the 0.6 depth observation to obtain the mean velocity.

3. This method used when velocities in the vertical are abnorma]lyA
distributed, or when the 0.8-depth observation is made where the
velocity is seriously affected by friction or turbulence.

4. Depth must be greater than 2.5 feet for this method to be used.
III. Recording data

A. A copy of the front and back of the data sheet used by the USGS (1963
version) is shown in Figure 3.

B. A copy of a completed data sheet is shown in Figure 4. Note the
following:

1. The bank at which measurement is begun (and ended) is identified
by "REW" (and "LEW"), signifying the right edge of water (and
left edge of water).

2. Dafa entries begin at the water's edge, REW, showing distance
from the initial point; and end at the water's edge, LEW, showing
distance from the initial point.

3. Two lines are allowed for data pertinent to each observation. In
some cases, only one of these is used.

4, Times are noted at 15 minute intervals during the measurement.

5. Discharge data is reported to three significant figures, except
for values less than 1, where hundreths are sufficient.

6. For each of the last four data entries the observed velocity
has been adjusted by the angle coefficient. This corrects .
for cases where the direction of flow is not perpendicular to
the cross-section.  The coefficient is obtained as follows:



[ S S N » » - - 29-afail Es 1L
= Mo oo - ggmm o Sk ==Tng Ma
BEI=mBRIELTET - = o W= s IR - |—
== - YE HEBRG
i . 1115 a]_ 4 P2 o,
% . "RE) qs._ﬁfj;mL_ a1 28 87
- ! SR P [ S,
- 713 it hlﬂ: Moj M2 168"
B S § — .
103 ;4}_7 2 33 eol 198
- Ala il IMp %l 23/2%s;
PR TSN | YT MR T U
- Py B [ B S
. - 1913 ) 10153 .:L__.% WA WE
- ¢ saEmmndiapel T T s TR
- - U R JR S
. . L5y s ANTEN
R R I T O - 1. leljolsolvgl )
F i TR 242 2R 1225528  [aql Sal 15Ba
HH H i i . LT N -
5 2812 Riasialez [ a2l po yo2a
i H HHHIARI { }810 Y4l 852 -
apiz 29si2izoisi) 10 4 59| 437
13 1131 R N Yy 0). 59! -
F 4 2212 A lﬂ y 15| A2] YaSs
' 1 - L8110 (42 -
A2 132 1.2:20/48(.9 Y AN YN
JPQM .5 -
12 v2oisd w0 (3 il 930
s iselel 1T
i —RET R s na 8 el R N2
= - g, 110146182 '
— T mEr
- S o roeg wivemeon R0 “g. .
= Ul ls:.'z -zsIzuss o8 s
e o v v g
SUCMNEE NIASORININT T Qe . -..... e - 4
e AP ML fudea; Lo |45). r_Jsa
A-S& L5 woZ rou T?'ém.';'.:'ff" -7r3 {335-‘“9!"9 Y]
var 7P wm M3 wO-S3cen 113 om H!S i - -} .
-—1.-..-- 28 chome=Ole | = b .SmawLL#'lO - .48
[oorey) n.:-Vnrm.-z.‘l_-mu—‘ni%a"u 1 ..... L ] . .
p— . = Und g __53J3_.32.l p 510 3.1} Y8
PRt e i 3
Tow s . & "g - Froa —|.56 J‘ilwlpks - '-J*“'q
;;.g;::._:: S o 61 gl 92— o]
Sy o e b - g R SO N
— - ESIE lm i 9lus J&__{.ss [
Q| Crbaw. dum tamd °j - ..
; e aa'_b.s} las‘bua,ASb 43!. ]
-' [Vrg— R [— 'y b -+ il —
g??uv'n—ro— —‘:u— B/ ik .bB rﬁ!J wle} ij_. 30, B -
‘ . .n ——y - . PR - L e —
e Guvd d?rlbvtl-n, t’eu 4 - a t Aol 0
. ,mfu? Haw = tcnfu ~ 67 e lh3S f . .
OK 7 !-S‘I'vo"‘y IS R
. I-h g, !
n-Tele o e T { +- 1
s Claae B f "4‘
PRSI TTY VLN N .'.'om F.
e ...ﬁ

Figure § —Computation notes of a cument-meter measurement by the midsection method.
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a. Hold the data sheet horizontally with the point of origin
(0) (which is on the left edge) over the tag line, bridge

rail, or other feature parallel to the cross-section, as
shown in Figure 5.

Meter 1n stream

Tag line, edge of cable
; car. or bridge rail

Read angie coefficient here

Point of -
origsn

Figure 5 —Measurement of horizontal angles.

e s N

b. The tag line will intersect the value of the cosine of the
angle a on the top, bottom, or edge of the data sheet.

c. Multiply the measured velocity by the cosine of the angle
to determine the velocity component normal to the measuring
section.

Mean gage height of discharge measurements

A. The mean gage height represents the mean height of the stream during
the per1od the measurement was. made, and is referred to the datum of
the gaging station

B. An accurate determination of the mean gage height is as important
as an accurate measurement of the discharge, since it is used to
establish the stage-discharge relation.

C. When the change in stage during a measurement is 0.1 foot or less,
the mean can be obtained by inspection. When greater stage changes
occur, the mean is obtained by weighting the gage- height readings.

D. To obtain an accurate mean gage height
1. Read the gage before and after the discharge measurement

2. Read the recorder chart at breaks in the s]ope of the gage-height
graph during the measurement.

a. At nonrecording stations the gage must be read once or twice
during the measurement.
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3. Plot time vs. observed gage heights (Figure 6)
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Figure .6 —Computation of weighted mean gage height.

4, Determine mean.gége heights and corresponding measured partial
discharges during periods of constant slope of the graph.

5. Compute mean gage height of the measurement. The formula is:



N

H___QI’h +q:h+Qohs Q ....... +qahe

in which
' H=mean gage height, in feet,
Q=total discharge measured, in
cubic feet per second=

a+a+a. o ... +qn
q, ¢ & - - - gn=amount of discharged meas-
ured -during time interval
1,2, 3,. . . n,in cubic

feet per second,
Ay, ke, ks, . . . hy=average gage height during
time intervel 1, 2, 3,

. n, in feet.

6. The computations are shown in Figure 6, using data from the
measurement shown in Figure 4. .

a. The upper computation has been done using the given formula.
b. The lower computation uses a shortcut method which eliminates
the multiplication of large numbers.

1) Compute average gage height for each time interval.

2) Choose a "base" gage height (usually the lowest average
gage height). :

3) Use the differences between the. "base" gage height and
the average gage heights to weight the discharges

4) Compute the mean difference and add the "base" gage
height for the measurement.

V. Channel storage

A. When a measurement is made at some distance from a gaging station
during a change in stage, the discharge passing the gage during
the measurement will not be the same as the discharge at the measur-
ing section because of the effects of channel storage between the
two locations.

B. The method of adjusting the measured discharge for channel storage
is given in the reference.

Reference: 1. Buchanan, T.J. and Somers, W.P. Techniques of Water-Resources
Investigations of the USGS. Discharge Measurements at Gaging

Stations. Book 3, Chapter A8, Applications of Hydraulics.
1969. For sale by the Superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402. $0.70.

This outiine was prepared by:

Charles E. Sponagle, Chief

Program Support Training Branch

National Training and Operational
Technology Center

U.S. Environmental Protection Agency

Cincinnati, OH 45268

May 21, 1979
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CURRENT METER MEASUREMENT PROCEDURE

Select a reach of stream having the following characteristics:
1. A straight reach with the threads of velocity parailel to each other.

2. Stable streambed free of large rocks, weeds, and protruding ob-
structions such as piers, which would create turbulence.

3. A flat streambed profile to eliminate vertical components of
velocity.

Usually all of these conditions will not be satisfied. Select the best
possible reach using these criteria, then select a cross-section.

1. Ideal section is perpendicular to the directioh of flow, bed and -
banks uniform, minimum V greater than 0.5 fps and depth adequate
for use of 2 point method. v

After'éelec;ing sections, determine width of stream.

1.,'String a tag line or measuring tape at right angles to the
direction of flow .

‘Detefminej;pacing.Of‘the verticals.

1. Generally, use about 25-30 partial sections.

a. With smooth cross-section and good velocity distribution,
fewer sections may be used.

2. Space the sections so that any one section has no more than 10%
(ideally 5%) of the total flow passing through it.

3. Equal widths of partial sections are not recommended unless dis-
charge is well distributed.

a. Make the section width less as depths and velocities become
greater.

For each discharge measurement, record the following:

1. Name of stream and exact location of site

2. Date, party, type meter suspension, and meter number
3. Time measurement began and ended

4. Bank of stream that was starting point (LEW or REW i.e., left
edge of water or right edge of water, when facing down stream)

5. Any other pertinent information



Measurement Procedure:

1.

Enter on the data form the distance from the initial point
to the edge of the water. Measure and record water depth
at edge of stream.

Enter distance from initial po1nt to first vertical, and water
depth at first vertical.

Determine method of velocity measurement. Normally, the two-point
or the 0.6-depth method is used.

Compute the setting of the meter for the method to be used.

.. Record the meter position (0.8, 0.6, 0.2 . . .).

Place the meter at proper depth and permit it to become adjusted
to the current before starting the observation (a few seconds for
velocities over 1 fps, longer for lower velocities).

Read time to nearest second.
Record number of revolutions and time interval.
Repeat steps 2-8 at each vertical. Record for each the distance

from initial point, depth, meter-position depth, revolutions,
and time intervals.
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USING THE TOP-SETTIMG ROD

1. Read water depth at vertical on the graduated hexagonal rod.

Single grooves are 0.1 ft. marks
Double grooves are 0.5 ft. marks
Triple grooves are 1.0 ft. marks

2. The meter is set at the proper depth for taking the velocity measurement

by adjusting the height of the setting rod (the round rod).

a. To set meter at 0.6 depth, adjust setting rod to read so that foot

mark (on rod) is opposite decimal mark (on handle) for observed depth.

Examp]e:‘ la) water depth = 2 ft.
© Set "2" on setting rod opposite "0" on scale.

2a) Water depth = 2.6 ft.
Set "2" on setting rod opposite "6" on scale.

i il

10 10
3 .6 ft. 8
¢ 2.6 ft 0) 6
4 4
2.0 ft.l = 2 2
la) , 2a)
\“a
\

b. To set meter at 0.2 depth, multiply water depth by 2 and set this
value as above.

c. To set meter at 0.3 depth, divide meter depth by 2 and set this
value as above.

3. When setting the meter, hold the setting rod, so that the meter will
not drop suddenly and hit the baseplate.

167.1
5/79



WADING MEASUREMENTS

A wading measurement is preferred, if conditions permit. Its advantage
is that it is usually possible to select the best of several available
cross-sections for the measurement.

Use the type AA or pygmy meter in accordance with the following table:

Table 2.—Cwsrent-meter and velocity-measurement methed
for various depths

Depth Vdocity
eet) AMoter method
2.5 and above.... Type AA (or Type 0.2 and 9.8
a).
15250 coccccnanan d0ec e acaccann .8
2% Y. T Pygmy eceea oo .6

t Used when velocities sre Jams than 2.5 fps.

Use the same meter for the entire measurement. Do not change from the AA
to the pygmy for a few depths less than 1.5 feet or vice versa. Use the
type AA meter in depths as shallow as 0.5 feet, even though its use is not
recommended in depths less than 1.0 foot because the registration of the
meter is affected. Do not use these meters in velocities less than 0.2 fps
unless absolutely necessary.

When natural conditions for measuring are in the range considered undependable,
modify the measuring cross section, if practical, to provide acceptable con-
ditions. Often it is possible to build dikes to cut off dead water and
shallow flows in a cross section, or to improve the cross section by removing
the rocks and debris within the section and from the reach of stream im-
mediately upstream from it. After modifying a cross section, allow the

flow to stabilize before starting the discharge measurement.

Stand in a position that least affects the velocity of the water passing
the current meter. This position is usually obtained by facing the bank,
with the water flowing against the side of the leg. Holding the wading
rod at the tag line, stand from 1 to 3 inches downstream from the tag line
and 18 inches or more from the wading rod. Avoid standing in the water if
feet and legs would occupy a considerable percentage of the cross section
of a narrow stream. In small streams where the width permits, stand on a
plank or other support rather than in the water.

Keep the wading rod in a vertical position and the meter parallel

to the direction of flow while observing the velocity. If the flow is
not at right angles to the tag line, measure the angle coefficient
carefully.



Meter No. Stream
DISCHARGE MEASUREMENT NOTES
Date , 19 Party
Time Site
Dist. Velocity-Ft/Sec
from Depth | Rev- Mean in | Area Dis-
Initial | Width Depth of olu- Time At Verti- (Sq. charge
Point (Ft.) (Ft.) 0bs. tions (Sec.) Point cal Ft.) (cfs)

161.1 (10/79)



(1%

z

£ 2 5 2

: & 2 &

"

[ 1%

oW

Lo

g

"
cenr

Meas, No.. . . .. ..

Comp.by. . .....

Checked by . .. ..

Date, .. ...... L9, Party . ...
Width . ... ... Area. . ... ... Vel ....... GH ........ Disch. ........
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Method coef. . ... .. Hor. angle coef. ... .. Susp. coef. ..... MeterNo. . ... ..
Typeof meter . ....... . .Daterated ........... Tagchecked ...........
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......................... Samples Collected
.................... No......Yes......Time......
............................. Method Used
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G. H. correction |. . . . . R I Yes. ......... Time..........
Correct M.GH. .| . ... PP N No.......... Type ..........
Check bar. chainfound .. ............. changedto . ........ at ..., .,
Wading, cable, ice, boat, upstr., downstr., side bridge. . . .. feet, mile, above, below gage.
Measurement rated excellent (2%), good (5%), fair (8%), poor (over 8%); based on the following cond:
Flow. .ot e e e e e e e e
Cross section . . .. ... ... e e
Control . . . . e e e e e
Gageoperating . . . .................. Weather . . . ... ... ... ... ..., PN
Intake/Orifice cleaned . . . . .. Air . ... .. ‘c@ ..... Water. ... .. ‘ce@......
Record removed . . ... .. Extreme Indicator: Max. ........ ... Min............
Manometer N; Pressure Tank . ... .. .. Feed ........ Bblrate ........ per min.
CSGchecked . ................... Stick reading . . .. ... .. ... .. ... ...
Observer . . . e e
HWM e e outside, in well
Remarks . . ... e
GH.ofzeroflow ...... ... ft. SheetNo. .. ....... of ........ sheets



II.

STREAM DISCHARGE MEASUREMEMTS
CURRENT METERS - DESCRIPTIONS
Introduction

A. Current meters are the most commonly used type of instruments when
measuring flows in streams or other water bodies.

B. Used to determine the velocity of flow at a point, based on a known
relationship between the water velocity and the rate of rotation of
the meter's rotor.

C. Rate of rotor rotation is measured by opening and closing an electrical
curcuit through the meter.

1. Closing the circuit produces a flow of current which can be used
to produce an audible click in a headphone or loud speaker, or
activate a counting device.

2. Knowing the number of times the circuit is closed during a revolu-
tion of the rotor, the rate of rotor rotation is easily determined.

General classification of current meters: Those with vertical-axis rotors
(VA) and those having horizontal-axis rotors (HA). Comparative character-
istics are:
A. Vertical-axis rotor with cups or vanes (Price)
1. Operates in lower velocities than do HA meters
2. Bearings well-protected from silty water
3. Rotor repairable in field without adversely affecting the.rating
4. Single rotor serves for the entire range of velocities
B. Horizontal-axis rotor with vanes (Ott, Neyrpic, Haskell, Hoff)
1. Rotor produces less disturbance of flow
2. Rotor less likely to be entangled with debris than VA rotor
3. Bearing friction less than for a VA rotor
C. Either type of meter, when carefully designed and constructed, and
when used under favorable conditions, will accurately measure the

velocity of flowing water.

D. HA meters are used extensively in Edrope, but rarely in the U.S.
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1. Ott meter is a precision instrument but not as durable as the
Price meter under extreme conditions

2. Haskell meter has been used by the Corps of Engineers in streams
that are deep, swift, and clear

3. Hoff meter has been used by the Geological Survey, the Department
of Agriculture, and others, especially for measuring pipe flow.
It is suited to measurement of low velocities, but not for rugged
use.

Price meter, type AA (Figure 1), standard use

A.
B.

Most common type of VA meter

Rotor 5 inches in diameter, 2 inches high, with six cone-Shaped cups
mounted on a stainless steel shaft

Pivot bearing supports rotor shaft

Contact chamber houses upperlpart of shaft and an eccentric contact
that wipes a bead of solder on a slender bronze wire (cat's whisker)
attached to the binding post

A separate reduction gear (pentagear), wire, and binding post provide
a contact each time the rotor makes five revolutions

A tail piece keeps the meter pointed into the current
Accurately measures velocities from 0.1 ft/sec to more than 20 ft/sec

Is easily repaired, can be quickly taken apart for cleaning and oiling,
and quickly reassembled without change in rating

Price meter, type AA, low velocity

A.
8.
c.
D.

No pentagear (reduces friction)
Shaft has two eccentrics making two contacts per revolution
Normally rated from 0.2 - 2.5 fps

Recommended when mean velocity at a cross-section is less than 1 fps

Price pygmy meter (Figure 2)

A.

B.
cC.

For use in shallow depths
Scaled 2/5 as large as standard meter

No tailpiece or pentagear
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1 Cap for contact chamber 8 Yoke 16 Pivot bearing
2 Contact chamber 9 Hole for hanger screw 17 Pivot
3 Insulating bushing for contact 10 Tailpiece 18 Pivot adjusting nut
binding post 11 Balance weight ~ 19 Keeper screw far pivot
4 Single-contact binding post 12  Shaft , adjusting nut
5 Penta-contact binding post 13 Bucket-wheei hub 20 Bearing lug
6 Penta gear 14 Bucket-whee! hub nut 21 Bucket wheel
7 Set screws 15 Raising nut

Figure 1 - Assembly diagram of type-AA
Price current meter
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. Cap for contact chamber
. Binding-post beaded wire
. Binding-post insulating bushing 12. Bucket wheel
. Binding-post body
. Binding-post nut
-Yoke

. Yoke set screw

. Upper bearing

. Shaft

10. Bucket-wheel hub
il.Bucket-wheet hub nut

13. Pivot bearing

i4. Pivol

IS. Pivot set screw

16. Pivot-odjusting nut
keeper screw

I7. Pivot-adjusting nut

Figure 2 ~Amnembly diagram of pygmy cument mster.
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VI.

VII.

VIII.

Four

Pric

AL

Dire

A.

5

Contact chamber an integral part of yoke

One contact per revolution

Used only for rod suspension

-vane VA meter (Figure 3)

For measurements under ice cover

1. Vanes less likely to fill with slush ice

2. Much smaller hole required to pass through ice

One yoke is made to be suspended at the end of a rod and will fit
holes made by an ice drill

Another yoke made for regular suspensions

Disadvantage of not responding as well as the Price type AA meter at
velocities below 0.5 fps

e meter with magnetic switch

Contact chamber which contains

1. A magnetic switch which is

2. Glass enclosed in a hydrogen atmosphere, and

3. Hermetically sealed

Switch is operated by a small permanent magnet fastened to the shaft

Switch closes when magnet is aligned with it and then opens when
magnet moves away

An automatic counter is used. If a headphone is used, arcing can
weld the contacts.

ct reading meter

Consists of two main parts

1. Sensing unit (the meter proper)
2. Indicating unit

Rotor housing contains a six pole permanent magnet and hermetically
sealed, magnetically operated reed switch, operating as in VII above
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1. Yoke 1O. Vane hub
2 . Contact chamber i 1.Vane hub nut
3 . Binding-post insulating bushing 12 . Raising nut
4 . Binding post {3 . Pivot
5. Binding-post nut 14 . Pivot bearing
6. Shaft I5. Pivot-adjusting nut
7. Magnet 1 6. Compression-spring
8.Glass switch assembly
9. Vane 17 . Set screw

Figure 3 —Assembly diagram of ice meter.
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C. Indicating unit reads directly in velocity units (ft/sec and meters/sec).
A "high-low" scale selector switch is provided. Overall range is 0-25

ft/sec.

An "Indicate-Record" switch is also provided if it is desired

to use a chart recorder for a permanent record.
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ITI.

STREAM DISCHARGE MEASUREMENTS
VERTICAL AXIS CURRENT METERS - CALIBRATION AND MAINTENANCE
Introduction

A. The current meter is a precision instrument, but it must be properly
used and maintained if it is to produce accurate data.

1. Significant errors can result from improper care and use of
the instrument.

B. Standard operating procedures relative to the meter must include
1. Routine servicing
2. Routiﬁe inspection for mig;r damage
3. Proper lubrication

Disassembly of small Price meter - precautions to be observed

A. In removing contact chamber from yoke, care should be exercised so
that the pentagear and shaft are not damaged.

B. The bucket-raising nut (14, Figure 1) should be Toosened before un-
screwing the contact-chamber cap. When the nut is tightened, the
upper end of the shaft bears forcibly on the cap, and turning the
cap under this condition can result in a bent shaft.

" C. When raising the bucket-wheel and hub assembly by means of the

raising nut, hold the bucket wheel stationary and turn the raising
nut by hand. If the nut is held stationary and the bucket-wheel spun,
the shaft may be bent, or the yoke may be sprung.

Assembly of the small Price meter (Refer to Figure 1)

A. Assemble tailpiece vanes, insert into yoke, and tighten tailpiece
set screw.

B. Place bucket wheel (21) onto the bucket-wheel hub (13) with side
marked "S" upward and with the dowel pin on the hub fitting the
notch on the bucket-wheel frame.

C. Place the bucket-wheel assembly within the arms of the yoke (8)
and pass the shaft (12) through the hole in the upper arm of the
yoke. Screw the shaft directly into the bucket wheel hubt (13), then
insert a pin into the hole in the shaft and tighten the shaft in
the hub.
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EXPLANATION
8 Yoke 16 Pivot bearing
9 Hole tor hanger screw 17 Pivot
10 Tailpiece 18 Pivot adjusting nut
11 Balance weight 19 Keeper screw for pivat
12 Shaft adjusting nut
13 Bucket-wheel hub 20 Bearing lug
14 Bucket-whee!l hub nut 21  Bucket whee!
15 Raising nut

Figure 1 - Assembly diagram of type-AA
Price current meter
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Loosen the pentagear (6) in the contact chamber (2) by a single
turn of the small screw that passes through the adjusting slot
of the gear pad. Do not remove this screw completely as it is

difficult to replace.

Slip the contact chamber, with cap (1) removed, over the upper
end of the shaft and into the hole in the upper 1imb of the yoke.
Exercise great care so as not to damage threaded shaft or the
pentagear.

Aline contact chamber so that center line of yoke bisects the angle
formed by the two contact binding posts. Some meters have grooved
marks on front of contact chamber and top of upper arm of yoke.
Making these marks coincide assures proper alignment.

Tighten the yoke set screw (7).

Screw cap on;o_contact chamber.

Invert meter, place a drop of o0il in the lower bearing (]5)_and on the

. l (4‘_7_)_._ — . e e ——
Insert the pivot through the hole in the Tower arm of the yoke.

Adjust the pivot to allow a vertical play of 0.008 inch (Table 1)

Teble 1. Adjustment of pivot

Sequence Operation

| (R Make sure that the meter has been properly oiled:
then hold meter in inverted position with pivot
uppermost.

3o Release keeper screw (19) for pivot adjusting nut
. (18) und unscrew the nut a few turns.

3..... Release set screw (7) and advance pivet until all
vertical play of the hub assembly is eliminated.

4..... Tighten sct acrew (7) temporarilyv and advance

’ pivot adjusting nut (18) until it touches the

vake.

5...-. Relense set screw (7). (not too iar hecnuse the

pivot. should not. revolve) and ndvanee the pivot
adjusting nut one-fourth turn. Then tighten
keeper screw (19).

6...._. Push the pivot inward as far an it will go and
tighten set screw (7).

Return meter to upright position. Remove cap from contact chamber.
Adjust pentagear to mesh properly with threads on shaft. Tighten
small {unnumbered) screw which holds pentagear assembly.



IV.
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Spin bucket wheel rapidly. Be sure there is freedom of action
between penta gear and shaft threads.

Apply oil to pentagear and to the three bearing surfaces (one
drop on the vertical shaft and two on the horizontal shaft that
supports the gear).

Adjust contact wires to touch edge of eccentrics very lightly.
Replace contact chamber cap and listen with headset for sharp
click.

Place assembled meter on a solid surface with the shaft vertical
and make a spin test (see paragraph VI-G below).

If meter will not be used immediately, raise pivot bearing off
pivot by means of the bucket-raising nut.

Disassembly and assembly of Pygmy meter (Figure 2)

A.

The meter is constructed so that the bucket-wheel and hub assembly
can be removed from the yoke as a unit for convenience in cleaning
and oiling.

To remove the assembly

1. Remove the cap (1)

2. Release the set screw holding the pivot in the yoke (15)

3. Remove the pivot

4. Tighten the set screw (15) into the yoke to avoid difficulties
in removing the bucket wheel

5. Lower bucket wheel to lowest position in the yoke and carefully
slide it forward and outward.

6. If assembly does not come out freely, return to original position
and rotate it one-sixth of a turn. Repeat until successful.

7. Never apply force in removing bucket-wheel-&-hub assembly because
shaft and eccentric may be bent.

To replace the assembly

1. Pivot should be removed, set-screw tightened, cap removed, and
yoke and shaft held upside down.

2. Direct upper end of shaft into hole of upper bearing.
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EXPLANATION

. Cap for contact chamber

. Binding-post beaded wire

. Binding-post insulating bushing
. Binding-post body

. Binding-post nut

. Yoke

. Yoke setl screw

. Upper bearing

. Shaf1

0.
it
12.
13.
14.
15.
16.

17,

Bucket-wheel hub

Buckel-wheel hub nut
Bucket wheel

Pivot beoaring

Pivol

Pivotl set screw
Pivot-odjusting nut
keeper screw
Pivot-adjusting nu!

Figure 2 —Assembly disgram of pygmy curent meter.
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v.

3. Carefully adjust bucket wheel into position within the arms of
the yoke. Do not use force.

4. If unsuccessful, remove it, turn it one-sixth of a revolution,
and repeat until properly positioned.

5. Unscrew set-screw until pivot can be inserted.
Insert pivot.

Tighten set-screw and turn yoke rightside up.

00 ~N O

Replace cap.

Routine oiling and cleaning of current meters

A.

At end of each day's use the meter should be throughly cleaned
and oiled.

1. Pivot and pivot bearing need special attention as they are
subject to rusting. Desirable to dry these parts before oiling.

Equipment required
1. Screwdrivers of proper size
Large soft cloth, water absorbent

Cotton-tipped swabs for cleaning bearing surfaces

HwWw™N

Instrument oil and applicator to apply a drop in hard-to-reach
places

Disassemble meter and clean parts as follows

1. Pivot bearing

a. Clean and dry air pocket and pivot bearing (cotton-tipped swab)

b. Inspect pivot bearing
2. Pivot hole in yoke

a. Swab with cotton-tipped swab
3. Shaft

a. Clean and dry - particularly the acme threads
4. Pivot

a. Wipe until throughly dry



VI.

5. Contact chamber
a. Remove cap and shake out water. Clean occasionally with
hot water flow from tap. Remove gummed o0il (gun powder
solvent can be successfully used)
b. Wipe interior
¢. Swab hole in bearing lug by inserting cotton-tipped swab
through stem of chamber. Cleaning from top may cause bending
and breakage of contact wires.
D. Qi1 parts as follows
1. Shaft, apply a film of oil to
a. Acme threads (1iberally)
b. Area that enters the bearing lug
c. Uppermost end of shaft
2. Pivot bearing '
a. Apply thin o0il film over all exposed parts
3. Pivot hole in yoke
a. Apply a drop of -0il1 to sides of hole
4. Pivot
a. Apply thin film of o1l
Inspection and repair
Before and after each discharge measurement the meter should be checked
as follows. A1l meter parts are manufactured to be interchangeable with-

out affecting the calibration, so that replacement of any part can be
made in the field.

A. Check rotor and shaft alignment

1. Eccentricity in bucket wheel and hub assembly can be readily
detected as follows

a. Spin bucket wheel slowly
b. Watch metal frame to which cups are fastened

2. If eccentricity is observed, either the wheel or the shaft
is bent

3. Remove cap and observe the movement of the shaft inside the
contact chamber
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a. If eccentricity is noted, remove shaft from assembly and
roll on clean, flat surface
b. If bent, replace
4. If fault is in bucket wheel, replace rotor with a new one

Damaged cups - bucket wheel and cups have more influence on meter
rating than any other component

1. Examine cups closely - any small distortion will change rating

2. Attempt repair only for the most minor dents, where cups can be
straightened to "l1ike new"

3. Otherwise replace bucket wheel with new one -

Damaged tailpiece - may be stkaightened if damage not too serious,
otherwise replace

Contact chamber - Examine for-

1. Proper meshing of pentagear with acme thread
2. Proper adjustment of contact wires

3. Excessive wear of upper bearing

Pivot and bearings

1. Examine pivot with magnifying glass to see if point is fractured,
rough, or worn flat at apex

2. Point of new pivot is rounded to approximately 0.005". Wear re-
sulting in a radius of more than 0.010" is excessive.

3. Examine pivot bearing carefully for possible fracture, pits, or
roughness. If any of these are noted, replace entire hub assembly.

Lubrication

1. Inspect all bearing surfaces to see they have thin coating of
instrument oil

2. Bearing- surfaces

Pivot and pivot bearing

Pentagear-acme threads

Cylindrical bearing of small shaft of pentagear
Thrust bearing between shaft and cap

a0 oo
L e



G. Spin tests

1.
2.

Easy method of determining condition of bearings
Place meter so shaft is in vertical position

a. Protect from air currents

Give bucket wheel quick turn

a. Normal spin times - AA meter, 1 1/2 - 4 minutes
Pygmy, 1/2 - 1 1/2 minutes

Observe motion of bucket wheels as they cease to rotate - they
should gradually slow to a stop

If bucket wheel comes to an abrupt stop, determine cause and
correct

- Lack of oil
b. Maladjustment of pentagear
c._}M1sa11gnment of yoke

VII. Calibration

A. The theoretical relation between flow velocity and rotor speed is

V= KN

where

V = flow velocity

N = rotor speed (rotations/unit time)
K = a proportionality constant

B. In practice this simple relationship does not exist and the relation
between V and N must be determined empirically.

C. The establishment of this relation (rating the meter) is done by

1.

he Geological Survey.

Arrangements can be made with the Bureau to have a meter rated.
The Hydraulic Laboratory of the Rensselaer Polytechnic Institute

e THwa CTiL G e L

D. A standard rating tab]e is fur
1.

2.

will also rate an d1v1dua155eter.
ed with each Price meter.

Developed by calibrating a large number of meters that have been
constructed according to Survey specifications

A rating table for an individual meter is shown in Figure 3
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a. Equations are shown in the heading for use in cases where
the table must be extended.

b. Equation to left of figure in parentheses (2.28) is for
velocities less than 2.28 fps., equation to the right for
velocities greater than 2.28 fps.

E. For pygmy meters the rating usually used is
V=N '

velocity ft/sec

where V
N = rotor speed, rev./sec. . ¢~

. w2
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